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Interlobular arterial resistance: Influence of renal arterial pressure and
angiotensin II. Pressure in the distal third of the interlobular arteries
(P,a) was measured in anesthetized rats by micropuncture through
corticotomy. Control P11a was 83.9 (SD 11.9) mm Hg at a renal arterial
pressure (RAP) of 113.1 (SD 12.8) mm Hg. Reduction of RAP by 20mm
Hg caused no consistent change of total renal blood flow (RBF) or Pa.
Relative interlobular arterial resistance, = (RAP — P11)/RBF, fell by
40 to 50%, and then remained practically unchanged at further reduc-
tion of RAP. Blood flow measured by radiolabeled microspheres (10.7
sm) showed similar values in intact cortex and in the tissue beneath the
corticotomy, both varying in proportion to RBF. Intravenous infusion
of angiotensin II (All) 40 to 90 ng/min reduced RBF by 29% and
increased RAP by 19 mm Hg. Pil rose by only 8 mm Hg and Ria
increased to 209% of control. Reduction of RAP to control level during
continued All infusion did not change RBF, while R11 fell to 131% of
control. We conclude that: 1) dilatation and constriction of the
interlobular arteries contribute importantly to autoregulation of outer
cortical blood flow, probably through a myogenic mechanism (Bayliss);
2) the constriction of interlobular arteries elicited by i.v. ALL reflects
mainly an autoregulatory response to increased arterial pressure, and to
a smaller extent, a direct constrictor effect of A!!.
The preglomerular vessels are responsible for almost half of
the renal vascular resistance, and, traditionally, this resistance
has been assumed to be located in the afferent arteriole.
However, several studies in rats have shown a major pressure
drop between the renal artery and the peripheral part of the
interlobular artery (ila), suggesting that the afferent arteriole is
responsible for only about one—half of the preglomerular resist-
ance of superficial rat nephrons [1—3]. Furthermore, available
data on interlobar and arcuate arterial diameters suggest that
preafferent vascular resistance is almost exclusively located in
the interlobular arteries [4, 5]. These findings raise the question
of whether the ila participates in the regulation of blood flow
and filtration rate in superficial nephrons. The studies men-
tioned above showed that pressure in the terminal ila was
autoregulated, that is, it was only slightly reduced when aortic
pressure was lowered by 15 to 20 mm Hg. While this finding
strongly suggests a fall in ila resistance at lowered perfusion
pressure, no definite conclusion could be reached because
blood flow was not measured. In the present study we therefore
made simultaneous measurements of total renal blood flow and
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pressure in an interlobular artery exposed through corticotomy
[6], at varying renal arterial pressures. In a separate series,
injections of radiolabelled microspheres showed that blood flow
in the corticotomy area, and presumably in the punctured ila,
was autoregulated to the same extent as total renal blood flow.
Interlobular arterial resistance (Rita) calculated on this basis
showed a marked fall during reduction of arterial pressure. We
then went on to investigate the controversial preglomerular
action of All. Intravenous infusion of pressor doses greatly
increased Riia. Much less constrictor response was observed
when renal arterial pressure was held constant by an adjustable
clamp on the suprarenal aorta, indicating that a direct All effect
on ila was responsible for less than one—third of the rise in
resistance at uncontrolled aortic pressure.
Methods
Experiments were made on Sprague—Dawley rats, weighing
200 to 310 g. The animals were fed standard rat chow and tap
water. Food, but not water, was withdrawn in the afternoon the
day before experiments. Rats having control arterial pressure of
less than 100 mm Hg were excluded, and studies of autoregu-
lation included only kidneys in which total blood flow remained
constant (± 5%) at moderate reduction of arterial pressure (15
to 20 mm Hg).
Anesthesia was induced by a single intraperitoneal injection
of mactin (Promonta, Hamburg, FRG), 120 mg/kg body wt. The
rats were tracheotomized and placed on a heating pad, thermo-
statically controlled to maintain rectal temperature at 37.5°C.
The left common carotid—artery was cannulated for recording
central arterial pressure (CAP), and a femoral vein for contin-
uous saline or plasma infusion (1 ml/hr) and for infusion of
angiotensin II. A polyethylene tube (PE 20) was placed in the
abdominal aorta a couple of mm distal to the left renal artery via
a femoral artery for injection of microspheres and for recording
of renal arterial pressure (RAP). The left kidney was exposed
through a subcostal midline incision. An adjustable screw
clamp was placed on the aorta between the renal arteries for
lowering of left kidney RAP. The left renal artery was dissected
free and total renal blood flow (RB F) was measured by a small
diameter flow probe (i.d. 1 mm) connected to a square—wave
electromagnetic flowmeter (A/S Nycotron, Drammen, Nor-
way). The flow probe was precalibrated on a femoral artery by
injection and withdrawal of a known amount of blood. Zero
flow was checked repeatedly by clamping of the renal artery
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distal to the flow probe. RBF was read from the chart with a
precision of 5%.
The preparatory procedures for micropuncture and kidney
corticotomy have been described in detail earlier [6]. The left
kidney was gently isolated, immobilized in a plastic cup, and
covered with mineral oil. The kidney was thereafter corticotom-
ized by cutting off a 0.5 to 1 mm thick lens—shaped slice, with a
diameter of about 3 mm. Thereafter, 15 to 30,000 microspheres
(diameter 25 5 pm) suspended in 0.1 to 0.3 ml saline was
rapidly injected in the abdominal aortic catheter to serve as
markers for the ila [3]. Within a couple of minutes 1 to 15
microspheres became distinctly visible in the corticotomy.
Guided by the microspheres the ila was punctured with a
sharpened glass pipette, tip diameter 2 to 4 sm, and the
pressure (Pita) was measured by the automatic counterpressure
technique of Wiederhielm et al [7]. The feedback circuitry is
slightly modified from that described by Intaglietta, Pawula and
Tompkins [8]. All pressures were recorded continuously with
Hewlett—Packard pressure transducers and recorder (Hewlett—
Packard, Elkhart, Indiana). The transducers were calibrated
before each experiment, and in the case of Pjia measurements,
zero pressure at kidney level was checked repeatedly by placing
the micropipette in the tubular fluid accumulated in the
corticotomy. Pressures were read to the nearest 1 mm Hg.
Experimental protocols
Reduction of renal arterial pressure. Piia and RBF were
measured during control conditions alternating with periods of
suprarenal aortic constriction. The fall in arterial pressure and
shrinkage of the kidney often dislocated the pipette from the ila
and required renewed puncture. If a satisfactory recording had
not been obtained within 15 minutes, the clamp was released
and followed by a recovery period of 10 to 15 minutes. In four
out of 17 interlobular arteries subsequent measurements of Pita
were obtained at three different levels of RAP without returning
to control.
Angiotensin II infusion, Angiotensin II (Bachem, Hamburg,
FRG) was diluted in 0.9% saline to a concentration of 1 pg/ml
and infused at a constant rate of 38 to 93 jsllmin, giving doses of
38 to 93 nglmin. Satisfactory pressure measurements were
obtained in a total of 14 ila in 10 rats, including 17 periods of All
infusion after preceding control measurements. During contin-
ued All the measurements were repeated on eight ila in six rats
after reducing RAP to control level by suprarenal aortic con-
striction. In additional two rats (2 ila) flow and pressure
measurements were made only in control and during All
infusion at control RAP. All measurements were made at stable
RBF and pressure levels and usually within 5 to 15 minutes after
beginning All infusion or reducing RAP. Dislocation of the
pipette required repuncture in several experiments.
Intrarenal blood flow. In a separate series of 10 rats, local
renal blood flow was measured by microspheres (MS) with
diameter 10.7 0.5 m, labelled with '4tCe or '°3Ru (New
England Nuclear, Boston, Massachusetts, USA). In addition to
the preparation described above, including corticotomy and
injection of 25 jzm MS, catheters were placed in the left
ventricle via the right carotid artery for injection of MS, and in
the right femoral artery for drawing reference arterial blood
sample. The MS were suspended in 10% Ficoll-70 in 0.9% saline
and sonified shortly before use. The first MS injection of 0.3 ml
(4 to 500,000 MS) was given at control arterial pressure in the
course of 20 seconds, followed by flushing with 0.3 ml heparin-
ized saline. Withdrawal of arterial reference sample at a rate of
0.5 mi/mm was started 10 seconds before MS injection and
continued for 50 seconds after completing the injection. The
second microsphere injection was given 10 to 15 minutes later at
reduced renal arterial—pressure, alternating between '41Ce- and
'°3Ru-labelled MS for the first and second injection. The renal
pedicle was then clamped, the kidney was excised, and imme-
diately frozen in ethanol/dry ice. During rewarming to 4°C a 3
mm thick transversal slice containing the corticotomy was cut
out, and from this slice cortical samples were excised under-
neath the corticotomy (Cx) and from adjacent intact areas (C1
and C2). The three cortical samples and the rest of the kidney
were placed in separate vials, capped and weighed. The radio-
activity of the two tracers in the tissue samples and in the
arterial reference sample was counted in a Wallace, 1282
Universal gamma counter, with appropriate correction for
spillover. Local blood flow was calculated as the ratio between
tissue and reference sample radioactivity (per g and per ml,
respectively) multiplied with the reference sampling rate
(mI/mm).
Calculations
Based on the assumption that blood flow in the punctured ila
varies in proportion to RBF, a relative interlobular arterial
resistance (Rita) was calculated as RAP minus rita in mm Hg
divided by total renal blood flow (RBF in mI/mm). While the
absolute value of this ratio should in theory represent the
integrated resistance of all ilas, it should be considered as a
relative measure of the resistance of the punctured ila. Since we
have not found a suitable short expression for the resistance
proximal to the puncture site, we have used the term Rila, which
then also includes the resistance in interlobar and arcuate
arteries. Resistance downstream to the puncture site, including
afferent arterioles and postglomerular vessels (R0.1a) was
calculated as Piia/RBF. For comparison of different experi-
ments, the values of RBF, Rita, Rposi.ita and Rtotai were calcu-
lated in per cent of the average control values obtained before
and after the experimental periods.
Differences were tested with Wilcoxon signed rank test and
by Students t-test for paired samples, when appropriate. Sta-
tistical significance is defined as P < 0.05.
Results
Control measurements
Pressure was measured in 33 interlobular arteries (P11a) in 22
rats under control conditions. Mean control Pita was 83.9 (SD
11.9) mm Hg and simultaneously measured RAP averaged 113.1
(SD 12.8) mm Hg, giving an average pressure drop of 29.2 (SD
6.8, range 15 to 46) mm Hg between the punctured ila and the
abdominal aorta. Thus 26% of the total renal vascular resistance
was located proximally to the afferent arteriole. Control RBF
was 5.03 (SD 1.06) mI/mm.
Variations in renal arterial pressure (RAP)
RBF and pressure measurements were made in 17 ila of 10
rats, including 33 periods of reduced RAP. The absolute values
of RAP, Pita, RBF and vascular resistance grouped in intervals
Interlobular arterial resistance
Table 1. Effect of reducing renal arterial pressure
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Rtotai Ra
Number of
measure-
LRAP
mmHg
RAP Piia
mm Hg mm Hg
RBF
mi/mm
mm
mm Hg.
m1' mm
mm Hg.
mt' . mm
mm Hg.
ml' mm
ments Mean Range C E C E Hg C E C E E/C C E E/C C B B/C
4 4.5 3—8 103.5 99.0 75.3 75.5 —0.2 4.9 4.9 21.8 20.9 0.96 6.0 5.0 0.83 15.7 15.8 1.00
(0.6) (4.4) (4.7) (5.4) (5.6) (0.4) (0.6) (0.6) (1.9) (1.9) (0.01) (1.2) (1.1) (0.03) (1.3) (1.4) (0.01)
11 13.1 9—16 114.8 101.7 86.4 83.5 2.9 4.9 4.9 24.5 21.7 0.89 5.9 3.8 0.64 18.6 17.9 0.97
(0.7) (5.3) (5.0) (5.6) (5.2) (0.9) (0.3) (0.3) (2.0) (1.9) (0.01) (0.5) (0.4) (0.04) (1.9) (1.8) (0.01)
9 19.6 17—24 109.2 89.7 81.2 74.7 6.5 4.9 4.9 22.7 18.6 0.82 5.9 3.1 0.53 16.8 15.5 0.92
(0.6) (3.1) (3.3) (2.1) (1.9) (0.9) (0.3) (0.3) (1.2) (1.1) (0.01) (0.9) (0.4) (0.04) (0.8) (0.7) (0.01)
7 27.9 25—32 115.7 87.9 87.6 73.4 14.2 5.1 4,9 24.0 19.0 0.79 5.6 3.2 0.53 18.3 15.9 0.86
(1.1) (5.2) (4.7) (4.1) (1.7) (2.5) (0.4) (0.5) (2.5) (2.4) (0.02) (0.7) (0.7) (0.07) (2.0) (1.8) (0.02)
2 39.4 33—45 116.8 77.4 85.5 62.4 23.1 6.4 5.7 18.3 13.6 0.74 4.9 2.6 0.52 13.4 11.0 0.82
(5.6) (3.2) (2.4) (4.5) (2.6) (1.8) (0.2) (0.5) (0.1) (0.7) (0.04) (0.4) (0.7) (0.10) (0.3) (1.4) (0.08)
Mean values, with SEM in parentheses. Abbreviations are: C and B, control and experimental periods; Pila, interlobular arterial pressure;
whole kidney vascular resistance. The absolute numbers for segmental resistances, proximal (Ra) and distal to the puncture site (Rpostila), do not
refer to single vessels.
of increasing pressure reduction, are listed in Table 1. Reduc-
tion of RAP by 3 to 16 mm Hg gave no consistent change in Pila
(Fig. 1), while pressure reductions of 17 to 24 mm Hg reduced
Piia by only 6.5 (SD 0.9) mm Hg (Table 1). RBF remained
unchanged (± 5%) in all except three measurements (shown
with crosses in Figs. 1 and 2) indicating a pronounced renal
vasodilation. Interlobular arterial resistance (Rjia) in per cent of
control during 33 periods of reduced RAP is shown in Figure 2.
Lowering of RAP by up to 24 mm Hg caused a progressive fall
in Riia, to 53% of control, whereas Rpost.iia showed little change
(Table 1). Further pressure reduction lowered Rpostiia, while Rjia
remained practically unchanged (Fig. 2, Table 1).
Small microspheres, diameter 10.7 m, were injected at
control and reduced renal arterial pressure in 10 rats. At control
RAP, average blood flow underneath the corticotomy (Cx,
insert, Fig. 3) and in the adjacent cortical samples (C1 and C2)
were 4.15 1.01, 4.35 0.74, and 4.36 0.96 mI/mm . g,
respectively. Paired comparison showed no statistically signif-
icant difference between flow in these cortical samples, but they
all exceeded the average total renal blood flow of 3.78 0.67
ml/min . g (P < 0.05). Seven of the 10 kidneys showed main-
tained total RBF at 15 to 20% reduction of RAP, while three
kidneys showed nearly proportional flow reduction, as illus-
trated in Figure 3. As evident from Figure 4, flow in the
corticotomy region (Cx) followed closely the total renal
blood—flow during pressure reduction in eight kidneys, while in
one kidney Cx flow rose by 30% and in another fell by 25%
relative to total RBF.
.
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—40 — 30 — 20 — 10 0 Fig. 2. Interlobular arterial resistance (Rija) in per cent of control at
reduced renal arterial pressure (RAP). Filled circles: RBF unchangedRAP, mm Hg (± 5%). Crosses: RBF reduced.
Fig. 1. Changes in interlobular arterial pressure (Pjia) at reduced renal
arterial pressure (RAP). Filled circles: RBF unchanged (± 5%).
Crosses: RBF reduced by more than 5%. Broken line indicates equal
change in Pila and RAP, as would be the case if the vessels proximal to
the puncture site acted as rigid tubes.
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6 Original recordings of CAP, RAP, RBF and Pita before and
c, during All infusion are shown in Figure 5. In spite of a
____________ pronounced rise in arterial pressure and fall in RBF, Pita
5 decreased during All infusion, demonstrating a marked con-
C2 striction of the punctured ila.
Paired measurements of the pressure difference between the
4 Cx • K aorta and the punctured ila before and during All infusion (14ilas) are shown in Figure 6. In spite of the reduction of RBF, the
K pressure difference increased or remained unchanged in all
3 experiments (average + 8 mm Hg), indicating a consistent
constriction of the punctured ila. In most experiments, Rita
- Cx increased relatively more than Rtotat. On average, Rita increased
2 to 209% (SD 84) of control while Rtotat increased to 170% (SD 35)
of control (P <0.05).
C2 —
Effect of reducing RAP to control level during All infusion
1 Lowering of RAP to control level during continued All
infusion did not change RBF (4.66, SD 1.27 mI/mm, Fig. 7). Pita,
________________________
measured before and after pressure reduction in eight ila (6
0 90 100 110 90 100 110 120 rats), fell in most cases, but less than RAP. Thus the RAPPita
RAP H
difference was reduced in all cases, on average by 11.8mm Hg.
mm g In additional two rats, Pita was measured only in control and
Fig. 3. Blood flow measured with 10.7 txm microspheres in whole after reducing RAP to control level during Al! infusion. Thesekidney (K), and in tissue specimens beneath the corticotomy (Cx) and .
adjacent intact cortex (C1 and C2) at control and reduced renal arterial are included in Figure 7, showing the average flow and pres-
pressure (RAP). Location of tissue samples shown in insert. Individual sures obtained during control and subsequent All infusion and
data from two kidneys. Right: Almost perfect autoregulation. Left: RAP reduction. The corresponding changes in individual and
Pressure—passive blood flow response. average resistance are shown in Figure 8; Rita fell significantly
when RAP was reduced to control level, while the resistance in
1.4 - the vessels downstream to the puncture site (Rpostita) showed a
slight and not statistically significant fall (P > 0.05). Rita and
Rpost.iia in per cent of their respective controls were not signif-
X icantly different neither before nor after pressure reduction.
1.2 - Both Rpost.iia and Rtotat exceeded control level in all measure-
ments after RAP reduction. Average Rita exceeded control level
by 31%, but showed greater scatter, and fell below control level
EIC,, • — in three measurements. Because of the great principal interest
— 1.0 - — these data on Riia were subjected to various statistical treat-
K
ments: the two—tailed Student's t-test gave P = 0.05, while
• Wilcoxon's signed rank test showed P = 0.025. Practically
0.8 - - identical results were obtained after log—normalizing the data.
Discussion
The main conclusion of the present study is that ila partici-
o.e pates in the autoregulation of renal blood flow and in the
—40 —30 —20 10 0 constrictor response to intravenous All. To evaluate this con-
RAP, mm Hg clusion it is necessary first to consider the validity of the
technique as well as some basic assumptions.Ftg. 4. Fractional blood flow in corticotomized area (Cx) at reduced . .
(E) versus control renal arterial pressure (C) relative to corresponding The corttcotomy and injection of mtcrospheres necessary to
fractional blood flow in whole kidney (K), as a function of pressure visualize and puncture the terminal part of the ila in vivo will
reduction, RAP = RAPE — RAPc. Filled circles: Whole kidney blood exclude some superficial glomeruli from the circulation and
flow unchanged at moderate pressure reduction (10 to 20 mm Hg). thereby reduce blood flow in the intact portion of the ila. If ila
Crosses: no autoregulation. . . .radius remains unchanged, this flow reduction will increase
pressure at the measuring site compared to that of the intact
artery. Based on the number of ablated glomeruli, we have
Effect of i.v. infusion of Al! previously estimated that this effect should maximally decrease
the pressure drop from the aorta to the point of measurement by
In a total of 10 rats (14 ila), All was infused at a rate that 25% [3].
increased RAP from 112.5 (SD 11.4) to 131.6 (SD 12.9) mm Hg While no methods are available for estimating blood flow in
and reduced RBF to 7 1.2% (SD 13.5) of control, indicating a the punctured ila, the microsphere uptake indicated a fairly
70% (SD 35) increase of total renal vascular resistance (Rtotat). homogeneous cortical flow in the experimental kidney. More-
uover, blood flow in this area was autoregulated, or fell, in
proportion to that of intact cortex and total RBF when RAP was
reduced. We assume that this is the case also for the punctured
ila, which differs from other ilas in the corticotomized area only
by being blocked by a 25 pm MS close to its thrombosed cut
end.
The absence of serious hemodynamic disturbances by
corticotomy and the injection of large microspheres agree well
with other observations: first, corticotomy does not alter the
capillary pressure in the surface glomeruli [9], indicating an
unchanged pre- to postglomeruli resistance ratio. Secondly, the
present ila pressures are similar to the highest efferent arterio-
lar, stop flow pressures measured in the intact rat kidney [I].
While the pressure profile along the interlobular arteries is
not known, the afferent arterioles of deep glomeruli presumably
have a higher feeding pressure and a greater share of the total
preglomerular resistance than superficial arterioles. As recently
demonstrated by Casellas and Navar [10], this is also the case in
the deep cortex lining the pelvis, where many afferent arterioles
branch off directly from the arcuate arteries.
Given the assumption of proportional flow changes in the ila
Ii
and the renal artery, the calculation of a relative Rita is straight-
forward. It should be noted, though, that we are dealing with
changes in pressure differences (RAPP11a) of only 30 mm Hg or
less. This implies that Riia will be very sensitive to small
variations in the recorded pressures and necessarily leads to
considerable scatter of the calculated values.
Autoregulation
In all rats included in this series, RBF remained practically
unchanged when RAP was reduced by 20 mm Hg. 'ila showed
little or no change, indicating that Rita was reduced by 40 to 50%
(Figs. 1 and 2). It also implies that at modest reduction of RAP,
the superficial afferent arterioles were not exposed to any
pressure change, and that there was no change of resistance
downstream to the measuring site in ila. When RAP was further
reduced by 10 to 20 mm Hg, Rita remained unchanged or fell
slightly, while RBF was still unchanged in most experiments.
This indicates a dilation of downstream resistance vessels of the
outer cortical glomeruli. If we assume: I) that this fall in
resistance is located in the afferent arterioles, and 2) that
glomerular capillary pressure in control is 50 mm Hg and is
Interlobular arterial resistance
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Fig. 5. Original recordings of interlobular arterial pressure (Pjia), central arterial pressure (CAP), renal arterial pressure (RAP) and total renal
blood flow (RBF). Note reduction of P11 during All infusion (60 mg/mm) in spite of increased arterial pressure and reduced RBF.
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autoregulated in proportion to RBF; then the relative fall in
afferent arteriolar resistance (R) may be calculated from the
data in Table 1. As illustrated schematically in Figure 9, the
vasodilation begins in the ila, which at small variations in RAP
will "absorb" the whole pressure change. At further reduction
of RAP and maximal dilation of ila, pressure will fall in the
afferent arterioles, and the resistance is reduced also in these
vessels. (It should be noted that the assumption of a glomerular
capillary pressure of 50mm Hg is not critical; principally similar
RaacurVeS are obtained with values of 45 or 55 mm Hg.)
The autoregulation of Pita agrees well with that reported by
the Uppsala group [1, 2]. A dilation of the ila at reduced arterial
pressure in the dog kidney was also proposed by Clausen et al
[11] to explain a reduced skimming of 10 to 15 m microspheres
at the origin of the deep afferent arterioles. In apparent contra-
diction to this interpretation, Navar, Bell and Burke [12] found
little pressure difference between the aorta and arteries pene-
trating to the renal capsule in the dog, and no contribution to
autoregulation by these vessels.
Reduction of perfusion pressure during i.v. infusion of All
caused no consistent change in RBF and only a moderate fall in
Pita (Fig. 7), indicating good autoregulation—with participation
of ila—at RAP above control, but at reduced flow level. This
agrees well with several studies in dogs [reviewed in 13], but is
difficult to reconcile with the recent report that pressor doses of
Al! abolish autoregulation of SNGFR in superficial rat neph-
rons [14].
The present experiments give only indirect evidence as to the
mechanism of autoregulation. It is conceivable that a tubulo-
glomerular feedback—mediated change in afferent artenolar
resistance could be transmitted to the interlobular arteries.
However, it is difficult to see how this mechanism should
involve almost exclusively ila and not the afferent arteriole at
moderate pressure reduction. On the other hand, the "descend-
ing" type of autoregulation shown in Figure 9 conforms well
with that predicted by the mathematical model of and
Aukland [15], based on local myogenic control of preglomerular
vessel wall tension. A similar pattern was recently suggested by
Ofstad, Iversen and MØrknd [16] who found that afferent
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Fig. 8. Individual and average changes (± oem) in total renal vascular
0 10 20 30 40 50 60 resistance (Rto,ai), interlobular arterial resistance (Rjja) and resistanceof vessels downstream to the punctured ila (Rpos,jia), all in per cent of
RAPPi1a, mm Hg, control respective controls, during i.v. All infusion (filled circles) and subse-
Fig. 6. Pressure ddferences between abdominal aorta and interlobular
quent reduction of renal arterial perfusion pressure to control level
arteries (RAPP,ia) in control periods and during i.v, infusion of All. (open circles). Same experiments as in Figure 7.
RAP allowed to increase. Data from 14 ila in 10 rats.
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Fig. 7. Average RBF and pressures in abdominal aorta and
interlobular arteries in control period (open circles) and during i. v. All
infusion (filled circles) and subsequent reduction of aortic pressure to
control (crosses). Vertical bars show 1 SD. Data from 10 ila in 8 rats.
(Number of measurements in parentheses).
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0
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Fig. 9. Schematic illustration of preglomerular descending autoregu-
lotion. Solid lines: Relative resistance of interlobular arteries (Rila) and
vessels downstream to ila (Rstila), both in percent of control. Data
from Table 1. Broken line: afferent arteriolar resistance (R) calculated
on the assumption that glomerular capillary pressure has a control value
of 50 mm Hg, and is autoregulated in proportion to RBF (unchanged in
30 out of 33 experiments).
arteriolar radius in the rat kidney did not respond to small
reductions of RAP, but dilated at greater pressure reduction.
More direct evidence for a myogenic mechanism is provided
by the maintenance, or reduction, of ila diameter at luminal
pressures exceeding 60 to 80 mm Hg in vessel segments isolated
from rabbit and dog kidneys [17, 181, as well as by the response
of both afferent and preafferent arterioles to varying transmural
pressure in neonatal hamster renal tissue transplanted into a
hamster cheek pouch [19]. The existence of a myogenic re-
sponse is also favoured by a marked vasoconstriction in the
intact rat kidney when exposed to subatmosphenc pressure
[20].
Angiotensin II
Intravenous All doses that increased arterial pressure by 15
to 25 mm Hg and reduced RBF by about 30%, increased Rjia by
up to 200%. In fact, in some cases jja remained unchanged, or
even decreased (Fig. 5) in spite of the rise in RAP, indicating a
relatively greater increase of resistance in ila (and/or possibly in
larger intrarenal arteries) than in downstream vessel segments.
When renal arterial pressure was kept at control level, Riia
increased on average only one—third as much as with uncon-
trolled perfusion pressure, and on average less than post-ila
resistance (Fig. 8). Thus, an autoregulatory response to in-
creased arterial pressure is responsible for a large part of the
increase of Rita during i.v. All infusion, but in addition, All has
a direct constrictor effect on the interlobular arteries.
In contrast to our conclusion, Edwards [17] found no change
of the diameter of isolated rabbit interlobular arteries or afferent
arterioles when All was added to the bath, while norepineph-
tine caused constriction of both segments. This finding con-
trasts, however, with other reports: Click, Joyner and Gilmore
[21] found constrictor response to All applied locally to both
afferent and efferent arterioles in hamster renal tissue trans-
planted to the hamster cheek pouch. Also Steinhausen et al [22]
found constriction of both afferent and efferent arterioles in one
series of experiments on rats in which the arterioles had been
visualized by establishing a hydronephrosis. In dogs, reduction
of ila diameter during All infusion with or without increase in
arterial pressure was inferred from a reduction of microsphere
uptake in deep cortex relative to flow measured by diffusible
indicators [11, 23].
Numerous studies have dealt with total preglomerular versus
postglomerular (or efferent arteriolar) resistance. While it is
generally agreed that All has a marked postglomerular effect,
opinions differ on an additional preglomerular effect. As first
pointed out by Myers, Deen and Brenner [24], the rise in
preglomerular resistance induced by i.v. All infusion in rats
was greatly reduced when arterial pressure was kept constant,
in good agreement with the present study. In subsequent
micropuncture studies Ichikawa, Miele and Brenner [25] found
no preglomerular constriction when renal perfusion pressure
was kept constant, while Blantz, Konnen and Tucker [26] found
preglomerular constrictor effect of an angiotensin analogue
without significant pressor effect.
A marked preglomerular constrictor effect at unchanged renal
perfusion pressure has been reported in dogs [27—29]. Accord-
ing to Vikse et al [29], however, the preglomerular effect
required higher doses than those necessary to increase
postglomerular resistance. The suggestion by Hall and Granger
[27] that the preglomerular constrictor response is mediated
through a macula densa feedback—mechanism was contradicted
by the studies of Rosivall et al [28, 30]. It is of interest that a
great variability of the preglomerular All effect was noted in
several of these studies [28—30], in agreement with the present
scatter of Rita during All infusion at unchanged renal perfusion
pressure.
In brief, the present study has shown that the interlobular
arteries contribute greatly to the changes in renal vascular
resistance of superficial nephrons elicited by varying perfusion
pressure and by exogenous angiotensin II.
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